Orbit design for KufaSat Nano-satellites is presented. Polar orbit is selected for the KufaSat mission. The orbit was designed with an Inclination which enables the satellite to see every part of the earth. KufaSat has a payload for imaging purposes which require a large amount of power, so the orbit is determined to be sun synchronous in order to provide the power through solar panels. The KufaSat mission is designed for the low earth orbit. The six initial Keplerian Elements of KufaSat are calculated. The orbit design of KufaSat according to the calculated Keplerian elements has been simulated and analyzed by using MATLAB first and then by using General Mission Analysis Tool.
INTRODUCTION
When designing an orbit for a satellite mission, the biggest consideration is the mission requirements, In case of the missions which require a full Earth coverage and can include earth surface imaging, and the measurement of physical parameters such as the gravity field and the radiation environment, the best orbits will have low altitudes and near-polar inclinations (Paskowitz and Scheeres, 2006) . Orbit selection can vary in terms of altitude and their orientation and rotation relative to the Earth. The circular orbits are predicted by matching the centripetal acceleration to the gravitational force.
This paper presents the orbit design and simulation of KufaSat Nano-Satellite. KufaSat is the Iraqi student satellite project sponsored by the University of Kufa and it will be the first Iraqi satellite to fly in space. The main tasks for KufaSat will be to imaging purposes and remote sensing. It is a Nano-satellite based on the CubeSat concept.
The General Mission Analysis Tool (GMAT) is used in this paper to design and analysis KufaSat orbit. GMAT is a space trajectory optimization and mission analysis system developed by NASA. It is designed to model, optimize, and estimate spacecraft trajectories in flight regimes ranging from low Earth orbit to lunar applications, interplanetary trajectories, and other deep space missions. Analysts model space missions in GMAT by first creating resources such as spacecraft, propagators, estimators, and optimizers.
Resources can be configured to meet the needs of specific applications and missions. GMAT 
ORBITAL MECHANICS
Orbital mechanics are the study of the motions of artificial satellites and space vehicles moving under the influence of forces such as gravity, atmospheric drag, thrust, and so on (Barnes-Svarney, 2005) . Johannes Kepler developed the first laws of planetary motion to predict the motion of the planets about the sun or the path of a satellite about the earth, and his theories were confirmed when Isaac Newton revealed his universal law of gravitation. These laws provide a good approximation of the path of a body in space mechanics.
A. Orbital elements
There are six Classical Orbital Elements that are necessary for us to know about an orbit and a satellite's place in it. These elements help us describe: Orbit size, Orbit shape, Orbit orientation, and Orbit location. They also specify the part of the Earth the satellite is passing over at any given time and Field of View (FOV) which is the angle that describes the amount of the Earth's surface the spacecraft can see at any given time. These six orbital elements shown in Figure 1 are (Sally Ride EarthKAM):
Semi-major Axis (a): Describe the size of the orbit, which is one-half the distance across the major axis of the orbit.
Eccentricity (e): Specifies the shape of an orbit and is given by the ratio of the distance between the two foci and the length of the major axis. The eccentricity of a circular orbit is zero, and for an ellipse it can range from zero to less than one.
Inclination (i): Angle between the plane of the equator and the orbital plane. Right Ascension of the Ascending Node (ȍ): It is the angle between the Sun and the intersection of the equatorial plane and the orbit on the first day of spring in the Northern Hemisphere. The day is called the vernal equinox. Looking down from above the North Pole, the right ascension of the ascending node is positive counter-clockwise. Argument of Perigee (ǔ): Angle between the ascending node and the orbit's point of closest approach to the Earth (perigee).
True Anomaly (v): True Anomaly is one of three angular parameters ("anomalies") that define a position along an orbit, the other two being the eccentric anomaly and the mean anomaly. True Anomaly represents the angle between the perigee and the vehicle in the orbit plane. 
B. Orb
Right Ascension of Ascending Node (ȍ): The angle from the vernal equinox to the ascending node. The ascending node is the point where the satellite passes through the equatorial plane moving from south to north. Right ascension is measured as a right handed rotation about the pole Z & . True mean anomaly ) (M : The fraction of an orbit period which has elapsed since perigee, expressed as an angle. The mean anomaly equals the true anomaly for a circular orbit. 
where E is eccentric anomaly.
The Keplerian elements found using equations (3-8) for simple orbit design can be tabulated as shown in Table 1 . (Afful, 2013) .
Using NASA Debris Assessment Software (DAS) to calculate orbit lifetime of KufaSat it is found that the orbit lifetime of KufaSat Nanosatellite is 17.435 years.
ORBIT SIMULATION AND ANALYSIS
The physical characteristics and on-board instruments of KufaSat are listed in Table 2 ( Chessab et al., 2014) . The orbit design of KufaSat according to the calculated Keplerian elements shown in Table 1 has been simulated using two methods, MATLAB, and General Mission Analysis Tool (GMAT).
A. Simulation using MATLAB:
The orbit design has been simulated in MATLAB using Keplerian elements shown in Table  1 . MATLAB graphical user interface (GUI) is created to simulate a satellite orbiting the Earth in three dimensions. Figures 3, 4 , 5, 6, 7 show KufaSat Orbit Simulation in MATLAB. Figure 3 shows three dimensional view of KufaSat orbit. Figure 4 shows a ground track of KufaSat projected onto a two-dimensional world map over one day (fifteen revolutions of the satellite around earth). This figure illustrates the orbital track for KufaSat as a sunsynchronous satellite in near-polar orbit. The orbital track relative to the Earth's surface is due to a combination of the orbital plane of the satellite coupled with the rotation of the Earth beneath the satellite, so it gives a good indication of the daily coverage of a satellite in sunsynchronous orbit. Figure 5 shows satellite position, figure 6 shows satellite velocity, and figure 7 shows Orbital elements. 
B. Simulation using GMAT:
General Mission Analysis Tool (GMAT) is used to simulate and analysis the orbit design of KufaSat. UTC Gregorian Epoch format and EarthMJ2000Eq coordinate system are used in simulation. Force model with RSSStep error control, Earth as a central body, JachiaRoberts atmosphere model and JGM-2 gravity model were used as a propagator setup to evaluate the drag on KufaSat. The Gravitational bodies include the Sun and Moon. Many of other bodies have such a small effect on the orbit of KufaSat so they can be neglected. Other nongravitational forces included in the propagation, these are atmospheric drag and solar radiation pressure (SRP).RungeKutta89 with 60 sec initial step size, 0.001 sec mini step size, 2700 sec max step size, and 9.99e-12 accuracy are used as integrator in simulation. The analysis includes orbit determination and prediction of satellite position and velocity, satellite tracking, and command summary. Figure 8 shows three dimensional view of KufaSat orbit.
Fig. 8. Three dimensional view of KufaSat orbit
To support the CubeSat, the ground system must be able to track orbital position. The ground track obtained for the computed Keplerian and simple orbit design is simulated in GMAT, figure 9 shows a ground track of KufaSat projected onto a two-dimensional world map over one day (fifteen revolutions of the satellite around earth). As a result of the Earth's rotation the LEO satellite, can be observed by a ground stations for three consecutive passes, after which the satellite will be out of reach of the ground station for many hours. 
